Background: CD4
high Treg frequency in peripheral blood of ACLF and chronic hepatitis B (CHB) patients was measured by flow cytometry. The molecular profiles of TCRBV CDR3 were determined using gene melting spectral pattern (GMSP) analysis. TCRBV gene families were cloned and sequenced when the GMSP profiles showed a single-peak.
Results: CD4 +

CD25
high Treg prevalence in peripheral blood of ACLF patients is increased significantly compared to healthy donors (HDs) (P < 0.01) and CHB patients (P < 0.01). The prevalence of CD4 + CD25 high Tregs in ACLF or CHB patients is positively correlated with HBV DNA load. The TCRBV11, BV13.1, BV18, BV20 are the most prevalent TCRBV in CD4 + CD25 + Tregs in ACLF and CHB patients. In addition, the CDR3 motifs were relatively conserved in these four TCRBV gene families.
Conclusions: The CD4
+ CD25 high Tregs prevalence in peripheral blood is indicative of disease severity in ACLF or CHB patients. The relatively conserved TCRBV20 CDR3 motif "TGTGHSPLH" and TCRBV11 CDR3 motif "VYNEQ" may be used in helping diagnosis and treat patients with ACLF.
Background
Hepatitis B virus (HBV) is responsible for chronic infection. Despite a reduction in new HBV infections since the introduction of vaccination in the early 1990s, there are approximately 350 million chronic HBV carriers worldwide, and HBV remains an important cause of liver disease in developed countries [1] . HBV infection can lead to a spectrum of liver diseases, including chronic asymptomatic HBV carrier (AsC), chronic hepatitis B (CHB), liver cirrhosis (LC) and hepatocellular carcinoma (HCC) or acute-on-chronic liver failure (ACLF) [2, 3] .
HBV-related ACLF is an acute decompensation of chronic liver disease due to precipitating events such as upper gastrointestinal (UGI) bleeding, ischemia, or additional superimposed liver injury due to alcohol, hepatotoxic drugs, surgical procedures, or reactivation of viral hepatitis [4] . ACLF has a relatively high mortality and liver transplantation serves as the most promising treatment for ACLF [5] [6] [7] . However, a serious lack of livers limits the utility of liver transplantation. Although the role of T-cell immunity in ACLF pathogenesis is receiving more attention, it is not well understood.
Recent studies have shed light on CD4 + CD25 + regulatory T cells (Tregs) that actively maintain immune tolerance to both self and non-self-antigens by suppressing an aggressive T-cell response [8] . Studies indicate that an increase of circulating CD4 + CD25 + Tregs are associated with persistent HBV infection, due to downregulated HBV-specific T cells [9, 10] . The occurrence of ACLF often represents a complicated state of host immune dysregulation, in which exacerbated innate immune responses and aberrant adaptive immune responses may play an important role in mediating hepatic inflammation and liver necrosis. However, it is still controversial as to how the peripheral frequency of CD4 + CD25 + Treg changes in patients with HBV-related ACLF [11, 12] .
The T cell receptor (TCR) repertoire can reflect the function, status, and composition of T cell populations in vivo. Characterization of the TCR repertoire of CD4 + CD25 + Treg subsets from hepatitis B patients may clarify its role in ACLF pathogenesis. Furthermore, understanding TCR expression during disease progression, including for infectious diseases, may aid diagnosis and treatment [13] . In this study, we examined the frequency of peripheral CD4 +
CD25
+ Tregs from HBVinfected ACLF patients, and the TCRBV CDR3 repertoire in Tregs from ALCF and CHB patients. A relationship between Treg frequency and HBV DNA load in ACLF or CHB patients was observed.
Materials and methods
Subjects
Patients with HBV-related ACLF (n = 25) and patients with CHB (n = 30) were admitted to the Department of Infectious Disease, the First Affiliated Hospital, College of Medicine, Zhejiang University, between February and June 2011. Healthy donors (n = 30) were selected as controls and matched for sex ratio and age with the patient groups. Written informed consent was obtained from all subjects prior to enrollment. The study was conducted according to the guidelines of the Declaration of Helsinki. The Zhejiang University medical ethics committee approved all procedures involving human subjects.
The diagnostic standards for patients with ACLF is set by the Consensus Recommendation on ACLF issued by the Asian Pacific Association for the Study of the Liver (APASL) [14] , and the Diagnostic and Treatment Guidelines for Liver Failure [15] . ACLF patients were categorized as follows: (a) a history of chronic hepatitis or wellcompensated cirrhosis with the presence of serum HBsAg ≥ 6 months; (b) recent development of severe jaundice with total bilirubin ≥ 171 μmol/L plus increasing international normalized ratio (INR) ≥ 1.5 or decreasing prothrombin activity (PTA) ≤ 40%; and (c) recent development of coagulopathy, obvious ascites, hepatic encephalopathy, hepatorenal syndrome [16] . Patients with CHB fulfilled the definitions described in detail elsewhere [11] . Patient characteristics at the time of the study are shown in Table 1 Biochemical tests of liver function examined serum alanine amino transferase (ALT), aspartate amino transferase (AST), total bilirubin (TBiL), and creatinine (CREA) using an automated biochemical analyzer (AEROSET, Abbott, Chicago, IL, USA). Prothrombin activity (PTA) and international normalized ratio (INR) were derived from prothrombin time (PT) and determined using an automated coagulation analyzer (Sysmex CA-500 Series, Siemens, Deerfield, IL, USA). Qualitative assessment of HBV markers (HBsAg/anti-HBs, HBeAg/anti-HBe, antiHBc) was determined using commercial enzyme immunoassay kits (LJ biology, Shanghai, China). Serum HBV DNA load was quantified and HBV genotypes were determined using commercial kits as described previously [17, 18] , with a minimal detection standard of 500 copies/mL.
Peripheral blood mononuclear cell (PBMCs) isolation and flow cytometric analysis
PBMCs were isolated from 10 ml fresh EDTAK 2 anticoagulant-treated blood using Ficoll-Paque (StemCell Technologies Inc., Vancouver, Canada) density gradient separation. To determine the frequency of the CD4 + Tregs were treated with Fix & Perm Reagent (Coulter) after labelling with surface antibodies, and then incubated with anti-Foxp3 (eBioscience, San Diego, CA, USA), and the following steps as described above. The data were analyzed using MXP software (Coulter). The CD4 + CD25 + Tregs were followed total RNA extracted, when the percentages of intracellular FoxP3-positive T cells in CD4 + T-cell subsets from ACLF or CHB patients were about 80%. In addition, the average frequency of CD127 low expressed on these CD4 + CD25
+ Tregs is approximately 80% (data no shown).
RNA extraction and cDNA synthesis
Total RNA was extracted from CD4 + CD25 + Tregs using TRIzol W (Invitrogen, Carlsbad, California, USA) or RNeasy W Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. RNA was quantified using a NanoDrop W ND-2000 spectrophotometer (Thermo Fisher Scientific, Wilmington, Delaware, USA), and integrity was checked electrophoretically (28S and 18S). Total RNA was immediately reverse transcribed to cDNA using the RevertAid First Strand cDNA Synthesis Kit (MBI, Fermentas, EU) per manufacturer's instructions. Briefly,~1-5 μg total RNA was reverse transcribed with OligodT 18 in a 20 μL reaction volume and stored at −20°C.
GMSP assay of TCRBV in CD4
+ CD25 + tregs to identify skewed TCRBV repertoire
The GoTaq W qPCR Master Mix (with Rox™ dye) was used as PCR kit (Promega, Madison, WI, USA). A master mix of 20 μl for each of the 28 reactions containing 0.5 μM reverse primer TCRBC, and 50~150 ng template cDNA was prepared. For family specific TCRBV amplification, the corresponding forward primer (TCRBV1~24) was added to a final concentration of 0.5 μM. The real time PCR reaction parameters were as follows: 2 min at 95°Cto activate the GoTaq enzyme, followed by 45 cycles at 95°Cfor 15 s, 56.5°Cfor 20 s, and 72°Cfor 25 s with a final extension at 72°Cfor 8 min. The melting curve for 24 TCRBV gene families was determined by plotting the first negative derivative of the decrease in fluorescence signal as a function of temperature (−dF/dT) versus temperature (Tm), generating gene melting spectral patterns (GMSPs) as previously reported [19] .
A skewed clonal expansion was determined using the GMSP profile of each TCRBV family using Opticon Monitor 3.0 and the MJ Opticon 2 DNA engine (Bio-Rad, Hercules, CA, USA). GMSP profiles were in one of two categories: 1) "Oligoclonal expansion", or 2) "Monoclonal", as defined previously [20] .
Cloning and sequencing
If a TCRBV gene family demonstrated a monoclonal GMSP profile (single peak), the sample was selected for cloning and sequencing to determine the degree of homogeneity within the CDR3 region. Briefly, PCR products were reamplified using GoTaq DNA polymerase (Promega, Madison, WI, USA) and touchdown PCR. The parameters were: pre-incubation at 95°Cfor 2 min, 95°Cfor 30 s, 60°Cfor 40 s, 72°Cfor 45 s, for 8 cycles with annealing temperature decreasing 0.5°Cper cycle, and 95°Cfor 45 s, 56°Cfor 45 s, 72°Cfor 50 s, for 27 cycles. The cycling was followed by a terminal elongation step at 72°Cfor 8 min.
Purified PCR products were ligated into pGEMT-T using the pGEM-3Z Cloning Kit (Promega, USA) according to the manufacturer's instructions. Cloning details have been described previously [21] . The plasmid DNA was sequenced using an ABI3730 DNA Sequencer (Applied Biosystems, Foster City, USA). The resulting sequences were compared against a standard TCRBV gene database (http://www.imgt.org).
Statistical analysis
All data were analyzed using SPSS software version 16.0 (SPSS Inc., Chicago, USA). TCRBV families were analyzed using the Kruskal-Wallis H test or Mann-Whitney nonparametric U test. Differences in data between two families were examined using a χ 2 -test or Student's t-test. Spearman correlation analysis was performed to determine differences in CD4 + CD25 + Treg frequency and other parameters (serum ALT, TBiL, and CREA levels), with a P < 0.05 considered statistically significant. Tregs (mean, 6.24%) than CHB patients (mean, 4.16%, P < 0.01) and healthy controls (mean, 2.09%, P < 0.01).
Results
ACLF
Moreover, there was a significant difference in the circulating proportion of CD4 + CD25 high Tregs between CHB patients and healthy controls (P < 0.01) ( Figure 1A) . A representative flow plot demonstrating the frequency CD4 + CD25 + Tregs in peripheral blood from ACLF patients, CHB patients and healthy controls is shown in Figure 1B .
Relationship between Treg frequency and HBV DNA load
There was a positive correlation between CD4 + CD25 + Treg frequency in peripheral blood from ACLF patients and serum HBV DNA load (r = 0.432, P = 0.031) (Figure 2A) . A similar positive correlation was also observed in CHB patients (r = 0.378, P = 0.039) ( Figure 2B ). Furthermore, in ACLF patients and CHB patients, there was no correlation between circulating CD4 + CD25 + Tregs and serum ALT, TBiL, and CREA levels (data not shown).
Tregs have a skewed TCRBV repertoire
We compared the Tregs TCRBV CDR3 profiles from ACLF and CHB patients to those of healthy controls. ACLF and CHB patients contained a greater number of skewed-clonally derived TCRBV families relative to controls. Although ACLF patients displayed a lower average ratio of skewed TCRBV families than CHB patients, it was not significantly different (P > 0.05) ( Table 2 ). The number of single and biased-peaks for 24 TCRBV families detected in CD4 + CD25 + Tregs differed between ACLF and CHB patients. Four TCRBV gene families (BV11, BV13.1, BV18, BV20) were more prevalent than other TCRBV members ( Table 2) . A representative GMSP profile of a monoclonal TCRBV expressed in CD4 + CD25 + Tregs from ACLF and CHB patients is shown in Figure 3 .
TCRBV CDR3 amino acid motifs in Tregs
The total number of TCRBV gene families with single peak shape (GMSP) in ACLF or CHB patients is 35 and 41 respectively. The TCRBV CDR3 gene families were cloned, sequenced, and translated to corresponding amino acid sequences. Representative amino acid sequences of TCRBV CDR3 from ACLF or CHB patients are shown in Table 3 . We found that several different ACLF patients exhibited monoclonal expansion of relatively conserved TCRBV CDR3, such as BV20 (TGTGHSPLH with BJ1.6), BV18 (RTGDTEA with BJ1.1), BV13.1 (EVRTAFYEQ with BJ2.7) and BV11 (VYNEQ with BJ2.1). CHB patients also expressed relatively conserved TCRBV CDR3, such as BV20 (TGTGHSPLH with BJ1.6), BV18 (DDQETQ with BJ2.5), BV13.1 (YSGQGIDGY with BJ1.2) and BV11 (SSGGVDTQ with BJ2.3). Four TCRBV gene families (BV11, BV13.1, BV18, BV20) were more prevalent than the other TCRBV families.
Discussion
CD4
+ CD25 + Tregs are important immune regulatory cells. Their primary role is regulating the immune response through immune suppression by inhibiting the immune system response to both self and foreign antigens. Treg cells inhibit excessive pathological damage by inhibiting HBV-specific CD8 + T cell activation, which may aid persistent virus infection [8] . In addition to inhibiting CD4 + /CD8 + T cells in vivo, Treg cells also inhibit dendritic cell (DCs) activation and cytokine secretion, preventing an excessive inflammatory response. We show here that increased prevalence of CD4 Tregs in peripheral blood is associated with HBV replication and disease severity in HBV patients.
Several studies have tried to characterize the role of peripheral CD4 + CD25 + Tregs in chronic HBV infection. However, the relationship between Tregs and ACLF pathogenesis is not well established, and in fact, the conclusions from two earlier studies were not consistent [11, 12] Tregs in ACLF patients. The discrepancies between these studies may be attributed largely to differences in techniques, reagents, and blood samples, as well as the molecular markers used for identifying Tregs. HBV replication may play an important role in precipitating liver failure in patients with chronic HBV infection. Our results demonstrate a positive correlation between peripheral CD4 + CD25 + Tregs and HBV DNA load in patients with HBV-related ACLF or CHB. Interestingly, adefovir treatment induced reduction of HBV DNA, a decrease in Tregs, and an increase in HBVspecific CD4 + and CD8 + T cell proliferation and IFNgamma production [24] . These observations support the notion that an increase in CD4 + CD25
+ Treg may reduce HBV specific immune responses, leading to ongoing HBV replication and chronic infection.
T cells are quite heterogeneous due to the large repertoire of TCRs, which can serve as a "molecular fingerprint" of T cell populations [25] . Each T cell clone expresses a unique TCR that recognizes antigen-derived peptide bound to a major histocompatibility complex (MHC). The CDR3 region is the key determinant of T cell antigen specificity and mediates T cell diversity [26, 27] . Therefore, analysis of the CDR3 profile reflects changes in the T cell population stimulated by a specific antigen [28, 29] . In the current study, we found four TCRBV gene families (BV11, BV13.1, BV18, BV20) to be more prevalent than other members in CD4 + CD25 + Tregs from ACLF and CHB patients, which suggests these four families may be indicative of patients with chronic HBV infection. Moreover, TCRBV5.1 is present at a higher frequency in ACLF patients than in CHB patients, which may indicate the TCRBV5.1 family may have a potential role in ACLF pathogenesis, although, this underlying mechanism requires further exploration. Immune suppression plays an important role in the treatment of chronic hepatitis B. Inhibiting Treg proliferation and differentiation, blocking regulatory pathways, blocking immune suppression, and increasing epitope-specific CTL immune responses, are all potential new treatment strategies for hepatitis B [30, 31] . At present, blocking T cell function using monoclonal antibodies against the TCR [32] , and TCR gene transfer have been developed as a reliable method to generate large Figure 3 Representative GMSP with a single-peak (monoclonal expansion) of TCRBV families in CD4 + CD25 + Treg from ACLF and CHB patients. The TCRBV gene families in the top graphs corresponding to P43 (BV20), P70 (BV20), P51 (BV18), P46 (BV13.1), P25 (BV12), and P47 (BV11). The TCRBVs shown in the bottom graphs correspond to P20 (BV22), P17 (BV20), P57 (BV18), P45 (BV17), P17 (BV15), and P44 (BV13.1). The correspond amino acid sequences are shown in Table 3 . The melting temperature is on the x-axis of each plot. The negative first derivative of the decrease in fluorescence as a function of temperature (−dF/dT) is shown on the y-axis. When the GMSP profile of a TCRBV family displayed a single peak, the corresponding PCR products re-amplified and the CDR3 were sequenced after cloning. The amino acid sequences of the max rate of TCRBV families are shown. The clinical types of patients were indicated in brackets.
numbers of T cells ex vivo with given antigen-specificity and functional avidity. These results provide promise for clinical application [33] [34] [35] [36] [37] .
In the current study, we found that motifs of monoclonal populations expressing TCRBV11, BV13.1, BV18, and BV20 in CD4 + CD25 + Tregs from ACLF patients are different from that in CHB patients. It is not clear, however, if or how the emergence of the TCRBV families influence the course of ACLF. In a follow-up study, we observed an interesting phenomenon, wherein the TCRBV in CD4 + CD25 + Tregs from ACLF patients expressed TCRBV20 with the CDR3 sequence "TGTGHSPLH". Their short-term response to treatment was better than that for ACLF patients with the TCRBV CDR3 "ISHTGEL" or "GGSNQPQ" motifs. Moreover, we found the CDR3 "TGTGHSPLH" motif expressed only in the CHB patients whose condition was not as serious. This suggests that "TGTGHSPLH" may be a short-term prognostic biomarker for ACLF with antiviral treatment, although this requires further validation. The TCRBV11 family prefers "VYNEQ" as a CDR3 motif in ACLF patients, but expressed "SSGGVDTQ" in CHB patients. This is partly consistent with our previous report showing "AGEL" is the preferred motif in CHB patients whose short-term outcomes are better than CHB patients expressing the "VYNEQ" motif [20] .
Therefore, conserved TCRBV gene families may help produce antibody specific to TCRBV motifs, inhibiting the corresponding CD4 + CD25 + Tregs and aiding hepatitis B treatment. Moreover, production of antigenspecific T cells using TCR gene transfer is a promising idea for the treatment of liver disease [38] , with reports noting that CD8(+)CD45RC(low) Tregs are a potential cell-based treatment [39] . Examining CD4 + CD25 + Treg TCR diversity may further our understanding of peripheral tolerance mechanisms and the role peripheral Tregs, and how this applies to hepatitis B patients [40] .
In the current study, because the volume of blood samples was limited, the FoxP3 mRNA expression in CD4 + CD25 + Tregs was not confirmed. Another hurdle is that CD4 + CD25 high Tregs were not isolated using a cell sorter, and directly used for GMSP assay. But Peng et al. described that CD4 + CD25 + Tregs could represent CD4 + CD25 high Tregs, when the CD4 + T cells including high FoxP3-positive T cells content determined by flow cytometry analysis [9] .
Conclusions
Patients with HBV-related ACLF exhibited an increase in circulating CD4 + CD25 + Tregs, which was correlated with HBV-related liver failure. An increase in peripheral Treg has been associated with more severe liver disease in hepatitis B patients. The relatively conserved TCRBV20 CDR3 "TGTGHSPLH" and TCRBV11 CDR3 "VYNEQ" motif could be used in predicting the health status of patients with ACLF or CHB, and may help in the development of transduction TCR gene therapy for ACLF patients. 
